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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce impedance in an 
AlInGaN system semiconductor luminous element. 

SOLUTION: In this semiconductor luminous element, 
these are stacked in this order an n-GaN low 
temperature buffer layer 2, an n-GaN buffer layer 3, an 
n-ln rt ^Ga rtrt N buffer layer 4, an n-Al Ga. „N clad layer 

0.1 0.9 J ' x3 1-x3 3 

5, an n-GaN optical waveguide layer 6, an ln x 1 Ga l x3 N/In 
x2^ a i-x2 N distortion multiple quantum well activation 
layer 7 (x1>x2), a p-GaN optical waveguide layer 8, a p-AI 
J3a, „N first clad layer 9, an n-A, 4Ga„ M current 

x3 1x3 3 1x 1-x4 

prevention layer 10 having a striped current implantation 
window (x4>x3), a p-AI^Ga^^N second clad layer 11, a 

p-GaN cap layer 12, and a p-SiC contact layer 13, on a 
sapphire substrate 1 , and a part of the laminated part is 
removed by etching until the n-GaN buffer layer 3 is 
exposed. Thereafter, a p-side electrode 15 is formed on 
the p-SiC contact layer 13, and an n-side electrode 14 is 
formed on n-GaN buffer layer exposed by etching. 
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(57) [BJB1 15 
[II] AlInGaN *¥#M«8#*? £#^T>f > tf- 

tS2. n-GaN /^>7 7i3^ n-Ino.xGao.gN rty7~r 
14, n-Al^Ga^N n-GaN 
6, In^Ga^N/In^Ga^N 

7(xl>x2K p-GaN p-Al^Ga^N g§-^ 

y KJ19* ^>7>f ^ttCD«8EaAffi*^-rSn-Al x4 Ga 
i-^NaatlEitaiq (x4>x3K p-Al^Ga^N £^ 
yKJil'K'p-GaN rfll2, p-SiC n>^^b^l3 

zzcomizmmis. susscD-ss^n-GaN ^^7713 
* s Btars* , r-ji!y?->^u'ri»4-rso p-si 
C 3>^^> hjf 13±£pffi!l«ffil5, ^y^-y^iz^ *>m 

fcH L&n-GaN /t y 7 7 Jf ±£ nfliafi|14*JKfiE-rSo 




- 1 - 




JlbTf££Al InGaN m*mfom*,miHZ#^-Z, 

Ji*ifiic¥fT&»iPi-ra-i»ffik:*iiSffl3fl«»j«*nfc 

3A1 InGaN ^aHfcfSMS*?. 

[II5RS2] mJB3fg-^SM£<fct>Jg-^m§y* 5 ^ft 

*#p-SiC *»fltJiTffc*c:i:4«r«i:-rsail*JBllB 
fs©Al InGaN 

$>&Zt&<&®.t-?2>m>£m. liBigcOAl InGaN 

*f*s3S4KH-&c: tzftmt-r&m&m 1 *e» 3 o-r 

)fxA>§3iffi©Al InGaN m^a»^*^?o 

T^S C i:4^eSi:-rs^5lcil 1 4 V>-r*iiP8B*© 
AlInGaN Zk^mfrftftmT* 

3 - h nfc«*JK 5 HBttfflAl InGaN 

[11^7] S5t3^ffl©-5*). HufB— SSffitiK^ix 
fe^fflSHt^3-h* 5 90%Jit±©iftSW^-hT-fe 

T©(SS*T^ - h T- & 5 C £ *¥iWL t f S If Mm 6 IB* 

[If*S8] |tifB-SffifciS^tifem^©S«-*3- 

HU33**fr^7tm?icAit^tlSm-S^l«^^4-rs 

* titz%r.mm®.*m<m l r m*rr z> - 1 t r z 
m&m 6 flB«©4&«#?Bft£B. 

fcflf£©Sltt$:3-hAM»Sl*:3-hT-fc!K jwBflfciS 
ffitJS*nfe3f«ORW*=»- b #S»t^ 1 XfitTCfi 
Sit 3— bT-fctK 
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HuSB^iSt^Tfc^^WHuHB^Slltn- b jWasftfegrfB 

^nt«k »)*— ^e- Fffli^— y*aw-rs 

*S»#E6ffl«©**f«S#SI11. 

[^W©i¥lffl^lftBfl] 
[0 0 0 1] 

\mmmt%&:m%m *mfo&ytm?iz 

03 U *StC§¥L<lis (LED) *5<fclf 

^»{*l/-tr«*$fcAlInGaH***fMS#J!l^©1»ig 

[0 0 0 2] 

ztK ^7*4***^ y©ift»flMb^!*#*m*J8^fc 

EPSijT3-»T-(i500nm fiTF©*Sf&©:# ^SOiftSKlf 

[0 0 0 3] ^©500nm WTCDSSf© tf i: U 
T, Jpn. J. Appl. Phys. Vol.35 Pt.2, No.lB(1996)p 
P . L74-L76 Iz w £ tl Z> <fc o Jc , JESS tiO 

•y-7T-l'TSffi±C, ffiffijsAIIGaN /^77|, »*© 
JE&fi&gT-n-GaN ^7771, In 0 .,Gao. 9 N JI, n-Al 
o.isGao.gsN FH, n-GaN T^SiJl. In 0 .osGa 

o.95N/In 0 . 2 Ga 0 . s N S^M^ffFrSSSv p-Al 0 . 2 G 
a 0 . 8 N p-GaN 7t**Jl> p-Alo.15Gao.a5N !/ z> y Y 
m. P-GaN 3>?i?MSfIU Ky^iy^V^C 
<fcf)n-GaN ^-^rifflMSt-x^f-^yu, ^JSil 
5 7-fc*Si|||ffii:n««a*^JER-r*fc»©««*JK 
JSb, SISttgnfflXVpfllWSiJBJER'r-BiiifcJ: 
t), 410nm ^©v^^E- F|gffi-r-S4 i a»^L'-ifA s * 

[0 0 0 4] ±§B©A1 InGaN tfT-tt. p-Ga 

n zi>f>>7 hmtmmiKDmM&tii&zvv-G&ti 

V b*@fc©»*i*##*fc:iS^;fc», ^;u^|g®j^© 

*?©»»■*>» ^^^©S^*5^^< ;fe5 i : v>d^^A s 

[0 0 0 5] Sfe, ±33AlInGaN ^mft-V— V ^C^5^^ 
ft©fc»©f^ 5 oltffl*a»iSES©^ h 7-f T"*!** < 1" 
[0 0 0 6] 

MAmLi^ttSlI] bfrb** 5 ^, ±§BA1 
InGaN m*mi& b-if iC*^^^T, 7"<£:|§{tS 

P-GaN ^>^^ hmtmmtmMffim&m®* 
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[0 0 0 7] *»Wtt±«B*#***T&*nfe*ffltf 
-f *ffl;ML&AlInGaN 
£fc*5 J: VttAlInGaH 

[0 0 0 8] 

SfetoO^IS] #SglE©AlInGaN 
LTJE&SAlInGaN *¥3MMB#*iP fdiS^T, tulBS- 
Pl±«±£ffjfBS»£?iAig£a-5 <fc -5 Jc: LTSg-agSI! 

[0 0 0 9] ±&C:m^Tg«<iK«lg#^£SnT^ 

g $ nt^y y r m±m t m^* s jf^$ tix v> £ cz ^ * 
[ooio] mm&--mw.m&&um-mmm.ifi^n? 

**hj!#p-SiC ^3»ttJfT-<l9SCi:#i!i; b<, bu!3 
T-fe^tl^-tii, Hrjl2S^* s p-SiC ¥m#-T-$>Z>z tifi 
[001 1 ] mK3U:#«S* < fcv8 5 v K 

Bo^^-?>ijfljgS;a?*g:fb^-e-sc:fct«t»3Kfi-rscii: 

[0 0 12] TtSit>h. #38tB©AlInGaN 3k*i&foft1t 

[0 0 13] iusB* h^-f rtto**ffiXJ8* 

Buf3«15S©-4gffi ftkSSSB'NM -3 T ^ iCflM 

[0014] *ftft©^«fMBft£BtiU HulB-^ffit 




#i¥9-3 0 7 19 0 



Wl^AlInGaN 3MM^»#S^P*flt;t&Cfc*«f«i: 
-t3*©T-&3 = 

[0 0 15] Bul3ftfi^©HulB-iSffl©a^, suiB-iS 
ffi£ite£ft£m;£0Ktt^-- h£&»^90%iit±©ft 

-h*Slt¥l%«T©ffiSlt3-hi:bT, Jji-^E- 

PfiR-racitAJ-c S4„ 

[0016] s&, BuiB-sgSicss^nam^©s»^ 
h titzm=.mmm*mm lt tam-r z t © t it 

[0 0 17] s&fc, Hul3«^©Hu!B-^ffl©3*., 
Buf3-iSM(c:2fe$tvSRlf^©Slt^=i- h £Stfiit3- 

»*l%«T©<£K*f:3-H:U Alt«*ix&#©*S 

ti. ^iSMji^gB^BulB^^Tt^^fflHUSB-iSffi* 1 
£ffiS*£ft£:*©«ftiI}R£m\ KSJRLfe*^Buf3 

cituict kou— tr^mit-r 

[0 0 18] 

[%W©^] *^W©AlInGaN ^mfrftftm^tZtS 
^T«U rtg|5£g^&A&*-fcfc%S3S&5g*i184S:W- 

i:iShog»ll*^?<i:5c:j:^l. ft3fc©Hi 

mm £ £ S#— ^ - K ¥*ffc b — 9 \z fc^T * > t:- 

^yxtrfg^-rscii^-r-^So c©-r >tf-^'>x© 

fSMici t) . i§aj2/l^-1f$g36B$©Mi?©$8l&£ffl];L?c 
J£ 1 fe$8Jg£*T -5 ct i: #T- & S o 
[0 0 19] pfliMiliTioffiiliikftis 

^SS>SV^{iStS^3p-SiC SrfflV>5CIhtc:«t>3^ 
6 {C -f > ^ > ^ 5: fg^-T 3 d i: #f # 5 o 
[0 0 2 0] p-n(n-p)g^ffiF*l©B#f*l£H£!§Ltt3Cl 

[0 0 2 1 ] ^ * h^-f :T*-iHffij&»&flMSffltc: 

mx © * t «k s s&fb * i»± -r s cr t * t- § 5 . 

[0 0 2 2] *IBW©^^%^B»« ft^tl®©3 
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[0 0 2 3] *£JlhLT, dft 
[0 0 2 4] 

So 

[0025] sr, ^^Tfefi^ooTHra-rso 

[0 0 2 6 ] El 1 tt##W0S-H«JKffi©¥»### 

tctt), it^r-f TcffiSfil±£n-GaN fig;ty7 7 
12, n-GaN ;^^77l3, n-Ino.jGao.gN 7^.v7Tjf 
4, n-Al^Ga^N >7yF15, n-GaN 6 , 

In^Ga^N/In^Ga^N ^^^SM?#PfSttS 7 
(xl>x2) . p-GaN 7fe««J18, p-Al^Ga^N 

KJi 9:fc c fcT>*n-Al x4 Ga 1 _ x4 N m^KltSlO (x4>x 

3) sjsjRrtfi-rao 

[ 0 0 2 7] CCD±£b>>7 b£M7FU ilfircDUV^ 

>f jny^-v^tdcfc *)n-Al x4 G ai . x4 N SSPIltJllO^I^ 

[0 0 2 8] p-Al^Ga^N^-^ ^ y FJf 9 , n-Al x4 G 
a 1 .JI««tffi±JI10©JP*4:iia«J±, **«^E-K$Sfi 
tfajScT-tSffi O¥Wil000-3000AT-a&t), SBfi«S 

[0 0 2 9 ] $ 6 P-Al^Ga^N 4? ^ y KJil 
K P-GaN ^^^^J112, p-SiC in >^ ^ b gl3£j$H 

t Y?<i^v^y7\z& nfflj«ffil4i:0r3>^^ h 
*^S£#>iC. n-GaN ^7 7 7l3©i^it'iit 

[0 0 3 0] ii»<Z)U V^7 7>f-J:Iil: 

-t D n«««14i: p««ffil5*Jgj«-rs. 
[0 0 3 1 ] Jfct:, *««i©*-*JlfiJBJBcD*»#:«* 

Op-SiC CDcffiS«21±£, P-GaN ffiigyty 7 rJ122* 
P-GaN ^'7 7 7123, p-In 0 .iGa 0 . 9 N ^y7rB24, p- 
Alx3Gai- x3 N FJI25, p-GaN #2»«J!26, In xl Ga 

,-xiN/In^Ga^N ^^^SM^#PrSffiH27 (xl>x 
2) , n-GaN 7fc^/f28, n-Al^Ga^N m—i?5y F 
JB29*5 ct Wp-Al X 4Ga,_ x4 N S^RSltB30 (x4>x3) £]lp 

[0 0 3 2 ] ZCD±lZls >*X h£M?FU MfSWV? 
7 7 ^ -*$ffij£ffll>TifI 2 //mUSCDX h 7°^CD 



Dp-Ai^Ga,.^ mmm±m^m^ 

[0 0 3 3 ] n-Al^Ga^N fg-^y p-Al x4 
G ai _ x4 N «JSBa±«30©JP^i:fij«tt, tt**t*-F» 
fi^iiricT-SSfii (JPWil000-3000AT-&'K SSfiifi 

[0 0 3 4] $5)1:, n-Al^Ga^N ^ ^ v KJ13 
K n-GaN 3 >^ % Y /f32£ $S U IS©'JV^7 7 

ffitlffi^ffJjffi'rSo Sl&ttg. nflj«£33i:pfiltt£34 

[0 0 3 5 ] ±I3*J«T{ipfflJi*5fetcaftLT^5 
nflSJiiSfcfcriiSU P-SiC hJii; LT 

[0 0 3 6 ] ft*, ±ffia-*5JiVS-*flE®1B % tftt, 
SttJBh UTIn^Ga^N/In^Ga^N i^^lt?# 
FffittB SEXTOS** Al y Ga 1 _,N/In,Ga 1 _ B N(0^y^ 

[0 0 3 7] ±IB*SE©ff^T-{i, if©* h^-C 7° 
«A $ 2//mgJKT-&£©T% 100mWgfl[CD*|±S*U**. 

fctfRrtlT-feSo -cDx-^tt©* h^-Y7°ffiii5:*^ 

[0 0 3 8] H 3 (a) l4**fr«#JR?»ffi«S;0T? 

13 (b) tt****3te*^©±ffi«3CH"e» 
So **fcfeJB»fflJSfiaS£<fc!K P-SiC CDcMS«41± 
p-GaN 7rJ142* p-GaN ;ty7TJ143, p- 

In 0 .iGa 0 . 9 N a*^7 7§41 p-Al^Ga^N >7~?vYm 
45, p-GaN #afjRJi46, In^Ga^N/In^Ga^N 
^mS^#FattH47 (xl>x2) , n-GaN 7fe*?SJ148. 
n-Al^Ga^N %—>?^y KJ149*5«tt/ r p-Al X 4Ga 1 _ X 4N 
m^PI±S50 (x4^x3) *«*J«fi-r5 0 

[0 0 3 9] d©±£l/^* h^M^b, iiS©U 
^ 7 >f -tt^l5?:fflV^T-^MT-lti 3 /*mgK*g/jM|g h 

^ b£v;*^hLT F7>fiyf>yi: < J: »9p-Al x4 Ga 

i- x4 n «asia±ji5o*»*-r5o 

[0 0 4 0] n-Al^Ga^N 7 K®49. p-Al x4 

G ai _ x4 N m«PI±B5O0JP^i:ffljffii c t. JH*f^#«^^ 

[0 0 4 1 ] n-Al^Ga^N Srj7 7yK15 

K n-GaN 3 > ^ ^ h H52£E£ft iiWCDUV^^^ 

[0 0 4 2] ?f^^^, n««S532:pffl)«ei54«^ 

■TSo ±IB^jScT'iotpMg^7 1 c^J5KfibT^S^, 
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Ji£ft£f£jiu p-sic z hmthxi&m^x 
[0043] ±mm^.<Dmmmmiztiuritmmmm 

[0 0 4 4] ±IBmsHSE^ffl*2S^^lg 

[0 0 4 5] Witt, E13 (b) fcijVr,fc$fc8=£J6 

90%«±©«S*f3-h55*iib, ttiitWJKffifcKSt* 
l%WT©fiSM3— h56*ite-rii:t:«t»3, itttb;b© 
^E — K©^a»ft U — If feS I — 5 * >y-fe > 

[0 0 4 6] ¥*fM83te*H©S{*Wfc*Sli©je 

[0 04 7] El 4 C*S*»«©»-*JEJKJ»*^-r. IS 
«BffiJC«tSW3-b61, 62tfiS£*i;fc*#sR : ?60i:, bo 

Sl«#g£fit^63i;, KJBnjSHasssSlR^eSfrftojIfi* 
(M6it*?60#*-fciI«IS£*?63*»$>l^>X65*|i 

[0048] Ei 5 iz&.x%iw<n%-mmmm*^-r 0 # 
*©ttiW«(co.5 %gj[©fasw^ 

hu ffiis**^ 60© m&m 3 - b 72« t isfi $ nfc 9 v - 

-nA*T^*> Sfe^l/-f-( >y73A^©SftjlW^tV 
fc:ft£#gftS!l^60£A|}$*£ U>X74hfr6&£„ bu 
IB^*» : F60©«S*r3-N72fflA^©^;<iy^-^-f 
>^73tJ:!)SSaK**L, KiSftSiK^tife^^BUfB 
»** : F60O»5SI*3-h72H'sS-r. -W:<t^ $ 
-^E- F©i*fcB7JU — W^tH^tS^htftlS. 
[0 0 4 9] 16 C#6#«B©»=©£lS©Jgffi*w 
*¥#ttftft$gfl(*. Jte©ffi»«StO.S %l«Ofi 
Eft=>- h81* 5 $i;*tu ^©£tt$J£«Stt3- N82A* 



gB^^^eOfflttSit^— h82fl!lt:iEB$*X^^?-60 
*€>©**Sit-r a 5 7-83h. ^9-83{C <fc^TS*r 

itmi-Mfrhoit*^ v-83-AM^-a-, sfc^-f^ 

-84t«kt)iSSa*i*nfc3t*»*3R : F60t:ASt*** 

U<>X85 HulB^^?60©«Sltn-b82 
®A^©^{i5 7-83^<t-pTfilt$n, El^ftfc* 

ti 5#- ; E-p©!«a**»fri'— tf**aiat*** 

[0 0 5 0] J&*S, *«W©**#»**?* «t V** 
E*. WfiJ©»»«fc*5H-S5te»i:U-CJ«ifflnII6Tf» 

So 

[Hffl©tt#*ili9!] 

[HI] **Wffl»-©*«©'^»C«**#ft:SS** 

[EI2] *«ra©«6=ffl*«ifflJB*t««**<*»Jl6* 
^©KffiaSCBI 

[113] #»ra©»=©^M©JB!BC«a¥SWM8Jte* 
■?©Wfffl0 (a) fe«tut±ffl0 (b) 

[El 4] #£«©**#«#*?* SHG#©*1fi»II» 

h uTfflv^fc»^©««s«j«ia 

[0 5] *ftW(D¥mfe&ytm?*m^r #-^-h-© 

[EI 6] ##gfl£ffl¥*#^*jg^ 5 7-£ffl^fc>-ti- 
EI 

[^^•©ISW] 

1 t77'f7cISlS 

2 n-GaN fSig^!!'7 7l 

3 n-GaN nyyrM 

4 n-Ino.jGao.gN M>y y tM 

5 n-Al^Ga^N i' 7 Fl 

6 n-GaN^j»»« 

7 In^Gai-^N/In^Ga,-^ i^^Il^FSpgll 
J3 (xl>x2) 

8 p-GaN immm 

9 p-AlrfGai.^N £§— ^ 7 

10 n-AUGa,.^ m^^Jg (x4>x3) 

1 1 p-Alxjfia,.^ tb-irrytm 

12 p-GaN *\v7m 

13 p-SiC ?>t>>?hm 

14 ntfjMfii 

15 pfJJSH 



- 5 - 



9-307190 





- 6 - 



